The inhibition of Saccharomyces cerevisiae growth by amphotericin B and rifampin was studied. Rifampin alone had no effect on growth or macromolecular syntheses. Lethal amounts of amphotericin B produced a late inhibition of ribonucleic acid (RNA) synthesis simultaneous with the arrest of growth and protein synthesis. In contrast, low doses of amphotericin B along with rifampin caused an early arrest of RNA synthesis, followed by a later arrest of growth and protein synthesis. Used with rifampin, amphotericin B thus appears to increase cell permeability for rifampin, which in turn inhibits RNA synthesis; such results are consistent with some reports of inhibition of yeast RNA polymerase function by rifampin. Experiments with petite mutants ruled out any special effect of the antibiotics on mitochondrial RNA synthesis, so that nuclear RNA synthesis is affected. Acrylamide gel analyses of RNA pulse-labeled after addition of the two antibiotics in synergy showed that synthesis of all major classes of RNA was progressively and uniformly inhibited.
The effectiveness of polyene antibiotics against eukaryotic cells is related to the presence of sterols in their membranes (see review in reference 7). It is not known how the interaction between the polyene antibiotics and the sterols leads to lethality, but at high doses, ions and macromolecular constituents leak out of the cell, ultimately causing death (7) .
At low concentrations, polyenes do not kill cells but can still alter the cell membrane sufficiently so that it becomes more permeable to a variety of substances. As a result, synergism based on increased uptake into the cell of second antibiotics has already been shown to occur when low concentrations of amphotericin B, a polyene, are used with rifampin, fusidic acid, mycophenolic acid glucuronide, or tetracycline against fungi and animal cells (9, 11) .
In the earlier studies (9, 11), specificity of the second agents was retained so that fusidic acid, for example, inhibited protein synthesis rather than ribonucleic acid (RNA) synthesis. However, the observed inhibitions were only partial, and the results were achieved only under very specialized conditions. To make the technique easier to use, we have studied and defined here the conditions for efficient potentiation by amphotericin B. We have found that to permit easy reproducibility of the experiments, the ratio of concentration of cell to antibiotics as well as the time of treatment must be controlled. Under these conditions, inhibition by rifampin can be total though reversible.
The synergism of amphotericin B and second agents is of interest for three reasons. First, it has obvious clinical implications. Second, the nature of the polyene-induced permeability can be studied at nonlethal levels. Third, it provides a way to study in whole cells the effects of agents to which fungal cells are normally impermeable. In the detailed example reported here, the effects of amphotericin B itself are compared with the effects of amphotericin B in potentiating rifampin. Documentation of this case is especially interesting because the effects of rifampin were unexpected, in that the in vivo inhibition of RNA formation is in contrast to some published reports of the insensitivity to rifampin of isolated yeast RNA polymerases (1, 8; a Numbers given are the growth rates of cultures, stated as a percent of the growth rate of a control culture in the absence of the antibiotics. Cultures containing the indicated amounts of antibiotics were inoculated with 2.2 x 10' cells. Growth was followed in a Klett colorimeter, and the doubling times were calculated from a least-square fit of the Klett readings. The doubling time of the control culture was 120 min. All cultures containing only one antibiotic at the indicated levels showed doubling times in the range of 97 to 110% of the control culture. (10) (Fig. 2 and 3) ; however, the incorporation of uracil and the orcinol reaction seem to be inhibited about 1 h earlier, being obvious 30 min after the addition of the antibiotics.
At higher (lethal) doses of amphotericin B, no such specificity was observed; the polyene itself shut down macromolecular syntheses and growth at comparable rates (Fig. 4) . The nonspecific effect of high doses of amphotericin B Fig. 2 . Controls containing either of these antibiotics alone (not shown) were identical to the control without antibiotics. (Fig. 4) are thus clearly distinguishable from the specific effects of rifampin ( Fig. 2 and 3 and Discussion).
The early inhibition of RNA synthesis by rifampin does not seem to be based on a specific inhibition of mitochondrial RNA synthesis. Table 1 . In each case, 1.1 ml of CNB medium in the indicated conditions was inoculated with 2.2 x 10" cells, and growth was followed on a Klett colorimeter. The control doubling time was 145 min for (A) and 130 min for (B).
b Strain 11-1-40, CNB medium. CStrain s288c growing in CNB medium without glucose and with 2% glycerol. second agents is unknown. However, it is suggestive that the potentiation and lethal effects both show a minimal threshold of requirements for amphotericin, and the amount is proportional to the number of cells in the culture.
All of the results here are consistent with the notion that rifampin was affecting cell RNA synthesis: amphotericin at high concentrations was fungicidal, with no specificity for the inhibition of RNA or protein synthesis. By contrast, rifampin potentiated by amphotericin B was fungistatic and inhibited RNA synthesis as an early event, well before growth was inhibited. It may be worthwhile to note that at the levels of amphotericin B usually used clinically (2), it is usually fungistatic. The combination with rifampin may be useful by lowering the concentration of amphotericin B required for this effect.
Specific effects of rifampin on polymerase function, and specifically on RNA formation, were first observed with bacteria, and it was believed for some time that RNA synthesis in eukaryotic cells was completely resistant to this antibiotic. Our results suggest that at least part of the resistance of the yeast cells and animal cells is based on a permeability barrier.
The data cannot exclude that the reduction in RNA formation may result from an accelerated rate of RNA breakdown; but an increased rate of breakdown that would apply to all fractions of RNA (Fig. 5) (Fig.  2) . This suggests that messenger RNA can function with a half-life of about 20 min in these cells, an estimate similar to that obtained by other indirect means (6) . It should be possible to extend these studies to measurement of polysome breakdown and to the use of differential inhibitors of one of another RNA polymerase.
